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Description

TECHNICAL FIELD

[0001] The invention relates to a system for removing hydrogen sulfide from a gas stream. Also, the invention relates
to a method for removing hydrogen sulfide from a gas stream. Moreover, the invention relates to a cyclonic separator.

STATE OF THE ART

[0002] Natural gas as obtained from gas- or oilfields comprises methane gas that is typically mixed with additional
components such as heavier hydrocarbons (e.g., ethane, propane, butane, and pentane) and others such as carbon
dioxide, nitrogen, helium, mercury and hydrogen sulfide (H2S).
[0003] In unrefined natural gas from many fields the amount of hydrogen sulfide, which is poisonous for living beings,
may be relatively high. Amounts of about 30 mol % hydrogen sulfide can be routinely observed.
[0004] For many applications, it is desirable to reduce the hydrogen sulfide amount to relatively low levels, e.g., to a
level of a few ppm (parts-per-million).
[0005] In the prior art, methods have been disclosed which aim to reduce the hydrogen sulfide level of natural gas.
Such methods are often based on the well-known Amine absorption process and a subsequent Claus process, in which
elementary sulfur is recovered from hydrogen sulfide. The sulfur recovery from a Claus process is described by the
overall reaction:

2H2S + O2 → 2S + 2H2O [1]

[0006] Amine absorption processes in their basic form allow recovery of hydrogen sulfide down to a residual level of
about 10 ppm of hydrogen sulfide in the natural gas. Furthermore, the hydrogen sulfide enriched tail gas evolving from
the desorption of the Amine absorption fluid is treated in the Claus process, where the sulfur is recovered in its solid
state and is often stored in a landfill or waste dump. From an environmental viewpoint such an open storage is undesirable.
[0007] From US 6,375,797 a process is known which reduces the level of hydrogen sulfide by a fractionation process
for low temperature H2S removal. This so-called SPREX scheme is operating a fractionation column fed with pre-cooled
gas at a feed
[0008] temperature of 25 - 30 °C. The overhead gas - containing predominantly methane and H2S - is cooled down
to approx -30 °C with a chilling device. The liquid condensing in the chilling device, which predominantly consists of
H2S, is fed back to the top tray of the column as reflux. This H2S reflux dissolves the majority of the water entering the
column. By using this H2S reflux as desiccant, hydrates can be avoided even when the column top temperature of the
fluid is operated at -5 °C at a pressure of ~80 bar. The H2S enriched liquid stream leaving the bottom of the column is
thereafter pumped into the gas reservoir, thereby avoiding costly, large scale Amine absorption towers and Claus process
reactors as well as avoiding operational costs associated with the disposal of huge amounts of elementary sulfur.
[0009] The SPREX process as disclosed in US 6,735,979 is designed as a bulk H2S removal system, hence post-
treatment with Amine absorbers remains necessary. The H2S recovery rate is about 60 - 70% leaving still substantial
amounts of H2S in the produced gas stream (10 - 25 mol %). A further increase of the H2S recovery would require lower
top temperatures hence larger chillers. Unfortunately, the incremental investment saving of the smaller amine and Claus
plant do not outweigh the incremental cost of these increasingly larger chillers.
[0010] WO 2007/031476 discloses a method for enhancing condensation and separation in a fluid separator, wherein:
- a fluid mixture is accelerated to a transonic or supersonic velocity in a throat section of a flow channel and thereby
expanded and cooled such that at least some initially gaseous components become supersaturated and condense; - at
least some condensed components are removed from the fluid mixture in the flow channel at a location downstream of
the throat section; and - condensation of at least some supersaturated components is enhanced by illuminating the fluid
mixture flowing through the flow channel by a radiation source, such as an Ultraviolet (UV) light source which excites
and/or ionizes and induces mercury, water, aromatic hydrocarbons, carbon dioxide, hydrogen sulphide and/or other
components to condense thereby forming condensation nuclei for other supersaturated fluid components.
US2002/194988 discloses an apparatus and a method of removing a selected component from a stream of fluid containing
a plurality of components is provided. The stream is induced to flow at supersonic velocity through a conduit so as to
decrease the temperature of the fluid to below a selected temperature at which one of condensation and solidification
of the selected component occurs, thereby forming particles of the selected component. The conduit is provided with a
structure for imparting a swirling motion to the stream of fluid thereby inducing the particles to flow to a radially outer
section of a collecting zone in the stream.
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SUMMARY

[0011] It is an object to enhance the H2S recovery and reduce the H2S level of the produced gas stream to lower
levels. This object is achieved by a refining system according to the present invention.
[0012] According to an aspect of the invention, there is provided a method for refining a feed gas comprising hydro-
carbons and hydrogen sulfide having a first concentration of hydrogen sulfide, in accordance with claim 1.
[0013] According to an aspect of the invention, there is provided a method as described above, wherein the additive
component is a non-aqueous fluid which comprises as constituent the following chemical groups, a diol, (e.g. ethylene
glycol, dimethyl ether ofpolyethylene glycol),
[0014] According to an aspect of the invention, there is provided a method as described above, wherein the cyclonic
separator further comprises a tubular throat portion downstream of the central body, and the at least one nozzle of the
second inlet is located on the downstream side of the central body, directed towards the tubular throat portion, in which
position and direction of the second inlet substantially coincide with the central axis.
[0015] According to an aspect of the invention, there is provided a method as described above, wherein the additive
component comprises as constituent at least one of a sulfolane and an ionic liquid.
[0016] According to an aspect of the invention, there is provided a method as described above, wherein the ionic liquid
comprises at least one of a 1-butyl-3-methylimidazolium hexafluorophosphate and a 1-hexyl-3-methylimidazolium-bis
(trifluoromethylsulfonyl) imide.
[0017] According to an aspect of the invention, there is provided a method as described above, comprising creating
a spray with particle density of at least about 108/m3 by the second inlet.
[0018] According to an aspect of the invention, there is provided a method as described above, comprising creating
by the second inlet spray particles with a size selected from one of a range from about 50 mm to about 0.2 mm, and a
range from about 20 mm to about 1 mm.
[0019] According to an aspect of the invention, there is provided a method as described above, comprising the :

- receiving by a liquid separator comprising a flow inlet, a first, second and third liquid outlet, at the flow inlet the
second flow of a substantially hydrogen sulfide containing fluid;

- separating the second flow of the substantially hydrogen sulfide containing fluid in a first, second and third component,
the first component being second processed feed gas, the second component being a first liquid hydrogen sulfide
and the third component being a mixture of liquid hydrogen sulfide mixed and additive component;

- outputting at the first outlet the second processed feed gas to an outlet part;
- outputting at the second outlet the first liquid hydrogen sulfide components to a drain part, and
- outputting at the third outlet the mixture of liquid hydrogen sulfide and additive component.

[0020] According to an aspect of the invention, there is provided a method as described above, further comprising
receiving by a further liquid separator the mixture of liquid hydrogen sulfide and additive component from the second
liquid separator and separating by the further liquid separator the additive component from the liquid hydrogen sulfide,
the further liquid separator comprising an inlet for receiving the mixture of liquid hydrogen sulfide and additive component,
a first outlet for outputting a flow of gaseous hydrogen sulfide components and a second outlet for outputting of additive
component, the second outlet being connected to the second inlet of the cyclonic separator.
[0021] According to an aspect of the invention, there is provided a method as described above, further comprising:

in an oxidation unit, the oxidation unit having an inlet being connected to the first outlet of the further liquid separator
and having an outlet being connected to the drain part: receiving the flow of gaseous hydrogen sulfide components,
oxidizing the gaseous hydrogen sulfide components into a mixture comprising sulfur and water and
outputting the mixture comprising sulfur and water at the outlet.
According to an aspect of the invention, there is provided a method as described above,

comprising in the H2S bulk removal stage:

receiving a stream of the feed gas and removing in a first separation process hydrogen sulfide from the feed gas
for producing the stream of the first processed feed gas, and
wherein the H2S bulk removal stage comprises a bulk removal stage cyclonic separator and a fractionation column;
an outlet of the bulk removal stage cyclonic separator being connected to an intermediate inlet of the fractionation
column, and

wherein the removal of H2S is carried out by a first sub-stage to separate first H2S containing condensables from a first
stream portion of the feed gas by the bulk removal stage cyclonic separator and a second sub-stage of using the first



EP 2 326 403 B1

4

5

10

15

20

25

30

35

40

45

50

55

H2S containing condensables as a water absorbing fluid of a second stream portion of the feed gas in the fractionation
column, for producing the first processed feed gas.
[0022] According to an aspect of the invention, there is provided a method as described above, further comprising
feeding the second processed gas stream to a final treatment stage comprising an adsorption tower using as an absorption
fluid a non-aqueous solvent containing at least one of a 1-butyl-3-methylimidazolium hexafluorophosphate and a 1-
hexyl-3-methylimidazolium-bis(trifluoromethylsulfonyl) imide.

SHORT DESCRIPTION OF THE DRAWINGS

[0023] Embodiments will now be described, by way of example only, with reference to the accompanying schematic
drawings in which corresponding reference symbols indicate corresponding parts, and in which:

- Figure 1 depicts a processing scheme in accordance with the present invention;
- Figure 2 schematically depicts a first embodiment of a refining system according to the present invention;
- Figure 3 schematically depicts a longitudinal sectional view of a cyclonic separator, as used in the system of the

present invention;
- Figure 4 depicts a longitudinal sectional view of an alternative embodiment of the cyclonic separator;
- Figure 5 depicts a longitudinal sectional view of an alternative embodiment of the cyclonic separator.

DETAILED DESCRIPTION

[0024] Figure 1 depicts a scheme of a refining system and method in accordance with an embodiment.
[0025] The refining system 100 comprises:

a first part A for a first separation process for bulk removal of H2S from the unrefined natural gas, a second part B
for a second separation process of further H2S removal by a cyclonic separation process, an inlet part C for receiving
feed gas (unrefined natural gas), a drain part D for output of H2S and sulfur containing liquids.

[0026] At inlet part C feed gas FG is received from the gas- or oil field and thermally pre-treated as described below.
From the inlet part C the feed gas FG is introduced into the first part A for removal of H2S.
[0027] The first part A for bulk removal of H2S produces a first processed feed gas stream PG1 as a result of the first
and second sub-stages. An exemplary embodiment of the first part A is described with reference to Figure 2. The first
processed feed gas stream PG1 is introduced into the second part B for further H2S removal which is done by the second
separation process.
[0028] Both first part A and second part B of the refining system produce as by-products respective liquid H2S and
sulfur containing components LS1, LS2, LS3 as result of the cleaning of the feed gas. From both first part A and second
part B H2S containing liquids and/or sulfur containing liquids are transported to the drain part D for output of H2S and
sulfur containing liquids. Typically, drain part D is arranged for introducing the H2S and sulfur containing liquids into sub-
terrestrial reservoirs.
[0029] It is noted that from the second part B, a second processed feed gas stream PG2 can be further refined by a
final treatment process for a further removal of H2S, which is schematically indicated by a final treatment stage E. The
final treatment E may comprise the well-known Amine absorption process and a subsequent Claus process as mentioned
above in the section "state of the art". From the final treatment stage E, a refined product gas RPG comprising H2S at
ppm level can be obtained.
[0030] In an embodiment, the final absorption process in final treatment stage E is based on the use of an ionic liquid
instead of conventional aqueous amine solutions. When using an ionic liquid - for example of the group of 1-alkyl-3-
methylimidazolium hexafluorophosphate -a non-aqueous solvent, such as ethanol or acetone can be used.
[0031] Furthermore, it is noted that the thermal energy of the first and second processed feed gas streams may be
used for pre-cooling the feed gas FG in the inlet part C, which is not shown here.
[0032] Below the various parts A, B, C, D of the refining system 100 are described in more detail.
[0033] Figure 2 schematically depicts a first embodiment of a refining system 100 according to the present invention.
[0034] In this embodiment, the first part A for bulk removal of H2S is illustrated by a separation process based on two
sub-stages: i.e., a first sub-stage of a first cyclonic separation of liquid containing H2S from the unrefined natural gas
and a second sub-stage of using the liquid containing H2S as water absorption fluid to absorb water from the gas stream.
[0035] In inlet part C feed gas FG is entered at feed gas entry G1 into the refining system. Typically, the feed gas FG
entering at G1 is at a pressure of about 100 bar, has a temperature of about 40 °C and comprises about 30% H2S.
[0036] Feed gas entry G1 is connected to an inlet of a first pre-cooler 10. The first pre-cooler 10 is arranged for cooling
the feed gas by heat exchange with a first flow of second processed feed gas PG2 (as processed in the second part B)
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that flows through product gas piping 491.
[0037] An outlet of the first pre-cooler 10 is connected to bulk separator 12, which is arranged for receiving the pre-
cooled feed gas from the first pre-cooler and for separating liquids from the pre-cooled feed gas. The bulk separator 12
comprises an outlet 12a for water and high boiling hydrocarbons (i.e., with relatively high boiling temperature) and a
second outlet 12b for the feed gas. The second outlet 12b of the bulk bulk separator 12 is connected to a second pre-
cooler 14 which is arranged for cooling the feed gas by heat exchange with a second flow of second processed feed
gas PG2 that flows through second product gas piping 492.
[0038] Feed gas FG leaving the bulk separator 12 typically is at a pressure of about 100 bar and has a temperature
of about 30 °C.
[0039] The feed gas outlet of the second pre-cooler 14 is connected through an inlet refrigerator 15 to an inlet separator
16. The feed gas FG as cooled by the second pre-cooler 14 is further cooled by the inlet refrigerator 15 and enters the
inlet separator 16.
[0040] The inlet separator 16 is arranged for separating liquid H2S, as liquefied by the stage of the second pre-cooler
14 and the inlet refrigerator 15, from the remaining feed gas.
[0041] A first outlet 16a of the inlet separator 16 is arranged for draining away liquid H2S possibly mixed with liquefied
heavier hydrocarbons. The first outlet 16a of the inlet separator 16 is connected through a first valve 17 with a fractionation
column 24 on first position 24a.
[0042] A second outlet 16b of the inlet separator 16 which is arranged for passing the remaining feed gas, is connected
to a gas inlet 18 of a H2S bulk removal stage cyclonic fluid separator 20. Such a cyclonic separator is known from the
disclosure WO03029739.
[0043] At the second outlet 16b of the inlet separator 16 the remaining feed gas may be at a pressure of about 99 bar
(somewhat reduced in comparison to the pressure at entry G1) and may have a temperature of about -18 °C.
[0044] The H2S bulk removal stage cyclonic fluid separator 20 is arranged to receive at the gas inlet 18 the remaining
feed gas from the second outlet 16b of the inlet separator 16 and is further arranged to accelerate the remaining feed
gas stream to a possibly supersonic speed and to rapidly cool down the remaining feed gas stream as a result of adiabatic
expansion. The rapid cooling will cause condensation and/or solidification of H2S condensables in the remaining feed
gas stream into small droplets or particles. Such condensables are defined as components which under standard con-
ditions (room temperature, atmospheric pressure) are occurring in a gas phase, but at lower temperature and/or higher
pressure in a liquid phase.
[0045] The H2S containing condensables may further comprise water, hydrocarbon, carbon dioxide, condensates,
waxes, and gas hydrates.
[0046] The H2S bulk removal stage cyclonic fluid separator 20 furthermore comprises an assembly to create a swirling
motion of the gas stream within the separator. The centrifugal forces exerted by the swirling motion on the mixture of
remaining feed gas and H2S containing condensables will induce the relatively high density condensed and/or solidified
H2S containing liquids to swirl to the outer periphery of the interior of separator 20 whereas relatively low density gaseous
components are concentrated near the central axis of the separator 20.
[0047] The low density gaseous components concentrated in the separator 20 are subsequently discharged as part
of the first processed feed gas stream PG1 from the separator through a primary central outlet conduit 22, whereas the
H2S enriched fluids are discharged from the separator through a secondary outlet 21 which is located at the outer
circumference of the diverging outlet section. The H2S bulk removal stage cyclonic fluid separator 20 will be discussed
in more detail with reference to Figure 3.
[0048] The secondary outlet 21 of the H2S bulk removal stage cyclonic separator 20 is connected to the fractionation
column 24 on a second position 24b for entering a flow of the H2S enriched fluids into the fractionation column 24.
[0049] Typically, the flow of H2S enriched fluids is at a pressure of about 70 bar and has a temperature of about -30
°C. It is noted that the H2S containing fluids may be at least partially in a liquid state.
[0050] The primary central outlet conduit 22 is connected to a piping 221 which is arranged for transporting the low
density gaseous components concentrated in the separator 20 as part of the first processed feed gas stream PG1 to
the second part B of the refining system 100 for H2S removal by cyclonic separation. The gas stream comprising the
low density gaseous components concentrated in the H2S bulk removal stage cyclonic separator 20 is typically at a
pressure of about 70 bar, at a temperature of about -30 - -20 °C and comprises about 6% to about 8% H2S.
[0051] The flow of H2S containing fluids enters the fractionation column at second position 24b as H2S reflux. The
H2S reflux dissolves the majority of the water entering the column 24. By using the H2S reflux as desiccant, (gas-)
hydrates can be avoided even when the column top temperature of the fluid is operated at -5 °C at a pressure of ~80 bar.
[0052] The H2S enriched liquid stream leaving the bottom 24e of the fractionation column 24 passes through a reboiler
28. The reboiler 28 is arranged for evaporating mainly the dissolved methane and a portion of the H2S from the H2S
enriched liquid stream as a H2S and hydrocarbon gas mixture which is re-entered in the fractionation column 24 at
position 24d, between bottom 24e and the second position 24b for entering the H2S containing fluids.
[0053] In an embodiment, a part of said H2S enriched liquid from bottom 24e may be refluxed from an outlet 28b of



EP 2 326 403 B1

6

5

10

15

20

25

30

35

40

45

50

55

the reboiler 28 to the inlet of second pre-cooler 14, as indicated by dashed line R1.
[0054] The remainder i.e., liquid H2S components by-product LS1 (indicated by arrow LS1) of the H2S enriched liquid
stream is thereafter pumped from the reboiler 28 into a reservoir at position L (i.e., part D of the refining system 100).
The reservoir can be a sub-terrestrial reservoir.
[0055] At the top 24f of the fractionation column 24, a gas stream CH containing hydrocarbon and H2S, relatively rich
with hydrocarbons (about 90% hydrocarbons, 10% H2S), at a pressure of about 70 bar and at a temperature of about
-10 °C flows through a reflux refrigerator 30 to a cold separator 32.
[0056] The cold separator 32 is arranged for separating gaseous components from liquid components of the gas
stream CH.
[0057] Through piping 222, the gaseous components of the gas stream CH are transported from the cold separator
32 as a further part of the first processed feed gas PG1 to the second part B of the refining system for H2S removal by
the second separation process. The gas stream of gaseous components is typically at a pressure of about 70 bar, at a
temperature of about -30 - -20 °C and comprises about 6% to 8% H2S.
[0058] The cold separator 32 is further connected through a pump 33 and re-entry piping 331 to a further entrance
24c of the fractionation column for re-entry of the liquid components from the gas stream CH into the fractionation column
24.
[0059] Typically, the further entrance 24c is located between the top 24f and the second position 24b of the fractionation
column 24. In the re-entry piping 331 a second valve 35 is arranged for controlling the re-entry flow of the liquid com-
ponents.
[0060] Additionally, the re-entry piping 331 over a third valve 34 ties into the piping between the outlet of the second
pre-cooler 14 and the entry into the inlet refrigerator 15 for re-entry R2 of liquid components from the cold separator 32
at that point. By suitable switching of the second and third valves 34, 35, the flow of liquid components from the hydrocarbon
and H2S containing gas stream CH can be directed to either the entry of the refrigerator 15 or the fractionation column
24 or both.
[0061] Piping 221 from the primary outlet 22 of H2S bulk removal stage cyclonic separator 20 and piping 222 from the
gas outlet of the cold separator 32 are interconnected so as to form a transport line 221, 222 for the first processed feed
gas stream PG1 (indicated by arrow PG1) comprising the gaseous components of the hydrocarbon and H2S containing
gas stream CH and the gaseous components of the remaining feed gas for feeding to the second part B of the refining
system 100.
[0062] It is noted that the first part A as described here is merely an example of a H2S bulk removal stage. Alternatively,
instead of the fractionation column 24 a two column fractionation plant can be used which comprises a stripping column
(instead of the relatively hot lower part of the fractionation column 24) and an absorption column (instead of the relatively
cold upper part of the fractionation column 24). In another alternative, instead of a two column fractionation plant ar-
rangement, the fractionation may be carried out in a two inline gas-liquid contactors arrangement (e.g., a Revex (TM)
system).
[0063] It will be appreciated that in another alternative the first part A of the refining system can comprise some existing
H2S bulk removal process such as disclosed in US 6,735,979 instead of the cyclonic separation by the H2S bulk removal
stage cyclonic separator 20.
[0064] In an alternative embodiment, - in case the feed gas contains less than about 15% H2S - the first part A of the
refining system may comprise only the cooling steps 10, 14 and 15 and separators 12, and 16, combined with a con-
ventional dehydration process downstream of bulk separator 12. Such dehydration process may comprise glycol ab-
sorption towers and mole-sieve columns. The liquids produced via outlets 12a and 16a - containing merely water and
hydrocarbons - will be handled in traditional stabilization units. The first processed feed gas stream PG1 in such case
will still contain about 15% H2S when entering the second part B, however with a water content not more 20 ppm/v and
a temperature not less than -30 °C.
[0065] In the second part B of the refining system 100, the transport line 221, 222 for the first processed feed gas PG1
is connected to a cyclonic separator 40.
[0066] The cyclonic separator 40 comprises a first inlet 42 for receiving the first processed feed gas stream PG1, a
second inlet 44 for receiving an additive component, a primary outlet 48 and a secondary outlet 46.
[0067] The primary outlet 22 of the first cyclonic separator 20 and the gas outlet of the cold separator 32 are connected
through piping 221 and piping 222 to the first inlet 42 of the cyclonic separator 40.
[0068] The second inlet 44 of the cyclonic separator 40 is connected to a solvent recovery unit 54 for receiving a
stream of an additive component SV to add to the first processed feed gas stream PG1. The second inlet 44 is arranged
to produce a spray of the additive component SV of which the spray particles are introduced into the cyclonic separator 40.
[0069] The additive component SV comprises at least a substance that is capable of dissolving H2S. Such a substance
comprises at least one additive component being selective for dissolving hydrogen sulphide. The additive component
is a non-aqueous fluid and comprises as constituent for example one or more of the following chemical groups, i.e., an
alcohol (e.g. methanol, ethanol etc), a diol, (e.g. ethylene glycol, dimethyl ether of polyethylene glycol), an ionic liquid,
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a dipolar aprotic solvent (e.g. Sulpholane).
[0070] For example such a substance can be a sulfolane. More recently so called ionic liquids are available to dissolve
specific species. Such ionic liquid - selectively dissolving H2S - may be applied as additive.
[0071] Ionic liquids can be defined as salts having a melting point of about 100 degrees Celsius or lower. Ionic liquids
consist of an organic cation and an anion which can be either organic (e.g. acetate) or inorganic (e.g. hexafluoro-
phosphate). Frequently used cations are based on one of the groups of imidazoles or pyrrolidines. A suitable, albeit
non-limiting example of an ionic liquid which selectively dissolves H2S, is 1-butyl-3-methylimidazolium hexafluorophos-
phate. Also derivatives hereof- such as 1-octyl-3-methylimidazolium hexafluorophosphate or 1-ethyl-3-methylimidazo-
lium hexafluorophosphate - can be used for this purpose. For a selective absorption of carbon dioxide, which may be
present in the first processed gas stream, it is preferred to apply ionic liquids containing fluorinated anions such as - bis
(trifluoromethylsulfonyl)imide. A suitable additive for selectively removing carbon dioxide may be 1-hexyl-3-methylimi-
dazolium-bis(trifluoromethylsulfonyl)imide.
[0072] As described above, the first processed feed gas stream PG1 is typically at a pressure of about 70 bar, at a
temperature of about -30 - -20 °C and comprises from about 6% - 8% to about 15 % H2S before entering the second
part B of the refining system 100.
[0073] The cyclonic separator 40 is arranged to accelerate the stream of first processed feed gas PG1 and the spray
of additive component SV to a possibly supersonic speed. Upon introduction the spray particles mix with the gas stream
and due to the interaction of the gas stream and the spray particles, H2S from the gas stream is absorbed in the spray
and adsorbed to the surface area of spray particles. Additionally, as a result of adiabatic expansion, some condensation
and/or solidification of vapors in the stream into small droplets or particles may occur.
[0074] The cyclonic separator 40 furthermore comprises an assembly to create a swirling motion of the stream within
the cyclonic separator 40. The centrifugal forces exerted by the swirling motion on the mixture of gas and spray particles
will cause a separation of the spray particles (and any additionally condensed fluids) from the gas stream and induce
the relatively high density spray particles from the stream to swirl to the outer periphery of the interior of cyclonic separator
40 whereas relatively low density gaseous components in the stream are concentrated near the central axis of the
cyclonic separator 40. A more detailed description of the cyclonic separator 40 will be given with reference to Figure 3.
[0075] As a result, the liquids produced in the cyclonic separator 40 are typically enriched in H2S, while the H2S level
in the gaseous component of the stream is reduced.
[0076] The gaseous component forming part of the second processed feed gas PG2 is subsequently discharged from
the second cyclonic separator through a primary central outlet conduit 48, whereas a stream of H2S enriched conden-
sables mixed with residual gas is discharged from the second cyclonic separator through a secondary outlet 46 which
is located at the outer circumference of the diverging outlet section of the second cyclonic separator 40. The cyclonic
separator 40 will be discussed in more detail with reference to Figure 2.
[0077] The primary central outlet conduit 48 of the second cyclonic separator 40 is connected to product gas piping
491 and second product gas piping 492. The flow of second processed feed gas PG2 through product gas piping 491
and second product gas piping 492 is indicated by arrow PG2.
[0078] The secondary outlet of the second cyclonic separator 40 is connected to an entry 50a of second liquid separator
50.
[0079] The second liquid separator 50 is arranged for separating the mixture of H2S enriched liquids and additive
component SV from the residual gas in the stream from the second outlet 46 of the second cyclonic separator 40. The
second liquid separator 50 comprises a first, second and third exit 50b, 50c, 50d.
[0080] The first exit 50b at the bottom of the second liquid separator 50 is arranged for draining a first H2S containing
liquid (comprising H2S enriched liquids and additive component SV) to the solvent recovery unit 54.
[0081] The second exit 50c located between the first exit 50b and the entry 50a of the second liquid separator 50 is
arranged for draining a second H2S containing liquid, comprising H2S enriched liquids i.e., liquid H2S components by-
product LS2 (indicated by arrow LS2) to be pumped to the (sub-terrestrial) reservoir at position L.
[0082] The third exit 50d located at a top of the second liquid separator 50 is arranged for feeding gas as a further
part of the second processed feed gas stream PG2 to the first and second product gas piping 491, 492.
[0083] The solvent recovery unit 54 is connected with an entry 54a to the first exit 50b of the second liquid separator
50 for receiving the first H2S containing liquid that comprises H2S enriched liquids and additive component SV.
[0084] The solvent recovery unit comprises a first outlet 54b at a bottom part of the reservoir and a second outlet 54c
at the top of the unit.
[0085] The solvent recovery unit is arranged for stripping the hydrogen sulfide components in dissolved state from the
additive component SV in liquid state, in such a way that the evaporated hydrogen sulfide components are made to flow
out from the solvent recovery unit at the second outlet 54c to an oxidation unit 56, and the additive component SV is
made to flow out at the second outlet 54b. The flow of additive component SV is redirected to the second inlet 44 of the
cyclonic separator 40. A second pump 55 may be provided for maintaining the flow of additive component from the
solvent recovery unit 54 to the second inlet 44 of the cyclonic separator 40. Typically, the gas pressure in the solvent
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recovery unit 54 is about 1 bar at a temperature of the liquid of about 150 °C.
[0086] The oxidation unit 56 is connected to the second outlet 54c of the solvent recovery unit 54 for receiving the
gaseous hydrogen sulfide components and is arranged for oxidizing the hydrogen sulfide so as to form a mixture of
sulfur and water according to the Claus process. The oxidation unit 56 has an exit from which the mixture of sulfur and
water (indicated by arrow LS3) can be transported to the reservoir L for sub-terrestrial storage.
[0087] The gas streams from the second liquid separator 50 and from the primary central outlet conduit 48 of the
second cyclonic separator 40 are mixed in the product gas piping 491, 492.
[0088] The refining system 100 comprises a product gas exit G2 or third product piping 493, into which the first and
second product gas piping 491, 492 end, and the gas streams of the second processed feed gas PG2 are combined.
[0089] At the product gas exit G2, the second processed feed gas PG2 is relatively enriched with hydrocarbons, and
may have a composition of about 99% hydrocarbons and about 1% H2S. The pressure at the second processed feed
gas exit G2 may be about 40 bar, the temperature of the second processed feed gas PG2 may be about 20 - 25 °C.
[0090] Advantageously, the refining system 100 according to the present invention is capable of reducing the H2S
level of the natural gas being processed to a relatively low level which allows to reduce the scale and complexity of the
system needed for post-treatment process of the processed feed gas. Also, the refining system 100 advantageously
allows storage of H2S containing components and sulfur produced in the system in sub-terrestrial reservoirs which
contributes to lower operational costs associated with the disposal of these substances. Moreover, the investment for
the second part B for further H2S bulk removal by the cyclonic separation process (in terms of costs and complexity) is
outweighed by the gains for the reduced post treatment process.
[0091] Figure 3 depicts a longitudinal sectional view of an embodiment of the cyclonic separator 40 in the second part
of the refining system 100 as described above. The cyclonic separator comprises an assembly to create a swirling motion
of the stream within the cyclonic separator. There is shown a cyclonic inertia separator which comprises a swirl inlet
device as assembly to create a swirling motion of the stream. The swirl inlet device comprises a pear-shaped central
body 1 on which a series of swirl imparting vanes 2 are mounted and which is arranged coaxial to a central axis I of the
cyclonic separator and inside the cyclonic separator housing such that an annular flow path 3 is created between the
central body 1 and separator housing 45. The cyclonic separator further comprises a tubular throat portion 4 from which
in use the swirling fluid stream is discharged into a diverging fluid separation chamber 5 which is equipped with a central
primary outlet conduit 7 for gaseous components and with an outer secondary outlet conduit 46 for (H2S containing)
condensables enriched fluid components. The central body 1 may comprise a substantially cylindrical elongate tail
section 48 on which an assembly of flow straightening blades 9 is mounted. The central body 1 has a largest outer width
or diameter 2Ro max which is larger than the smallest inner width or diameter 2Rn min of the tubular throat portion 4.
[0092] The swirl imparting vanes 2 which are oriented at an angle (α) relative to the central axis I create a circulation
(Γ) in the fluid stream. The angle α may be between 20° and 30°. The fluid stream is subsequently induced to flow into
the annular flow area 3. The cross-sectional surface of this area is defined as: 

[0093] The latter two being the outer radius and inner radius of the annulus at a selected location. The mean radius
of the annulus at that location is defined as: 

[0094] At the maximum value of the mean annulus radius Rmean, max the fluid stream is flowing between the assembly
of swirl imparting vanes 2 at a velocity (U), which vanes deflect the flow direction of the fluid stream proportional to the
deflection angle (α) and so obtaining a tangential velocity component which equals Uϕ = U. sin (α) and an axial velocity
component Ux =U. cos (α).
[0095] In the annular space 3 downstream of the swirl imparting vanes 2 the swirling fluid stream is expanded to high
velocities, wherein the mean annulus radius is gradually decreasing from Rmean, max to Rmean, min.
[0096] It is considered that during this annular expansion two processes may occur:

(1) The heat or enthalpy in the flow (h) decreases with the amount Δh = - 1/2 U2, thereby condensing those flow
constituents which first reach phase equilibrium. This results in a swirling mist flow containing small liquid or solid
particles.
(2) The tangential velocity component increases inversely with the mean annulus radius Uϕ substantially in accord-
ance with the equation 
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[0097] This results in a strong increase of the centrifugal acceleration of the fluid particles (ac), which will finally be in
the order of: 

[0098] In the tubular throat portion 4 the fluid stream may be induced to further expand to higher velocity or be kept
at a substantially constant speed. In the first case condensation may be ongoing and particles may gain mass. In the
latter case condensation is about to stop after a defined relaxation time. In both cases the centrifugal action causes the
particles to drift to the outer circumference of the flow area adjacent to the inner wall of the separator housing 45, which
is called the separation area. The time period for the particles to drift to this outer circumference of the flow area determines
the length of the tubular throat portion 4.
[0099] Additional to the two processes that may occur during annular expansion, an interaction of the first processed
feed gas stream and the additive component will occur. The cyclonic separator 40 comprises a second inlet 44 in the
housing 45 that is arranged to introduce a flow of additive component SV into the cyclonic separator 40. The second
inlet 44 is located at the periphery of the wall of the housing 45, so as to introduce the additive component SV into the
gas stream in a space region between the outer wall of the housing 45 and the central body 1.
[0100] In an embodiment, the second inlet 44 is located in a wall of the housing 45 at the periphery of central body 1,
downstream of the swirl imparting vanes of the cyclonic separator 40. Also, the second inlet 44 is constructed in such
a way that upon introduction of the additive component SV the additive component is sprayed and can mix with the
swirling first processed feed gas stream PG1.
[0101] In an embodiment, the second inlet 44 is arranged with one or more nozzles (not explicitly shown) to generate
a spray (in case of more nozzles a distributed spray) from the additive component SV upon introduction into the cyclonic
separator 40.
[0102] In an embodiment, the second inlet 44 of the cyclonic separator 40 is arranged to feed the flow of additive
component SV into the first processed feed gas stream PG1 at a pressure PS higher than the inlet pressure PI at the
first inlet 42 of the first processed feed gas stream. This can be referred to as an injection mode of operation of the
cyclonic separator.
[0103] In an alternative embodiment, the cyclonic separator 40 is arranged to feed the flow of additive component SV
into the first processed feed gas stream PG 1 at a pressure PS which is lower than the inlet pressure PI at the first inlet
42 of the first processed feed gas stream but is higher than the local static pressure PE at the locus of entry 44a in the
first processed feed gas stream PG1. This can be referred to as an ejection mode of operation of the cyclonic separator.
[0104] Figure 4 depicts a longitudinal sectional view of an alternative embodiment of the cyclonic separator 40 in the
second part of the refining system 100 as described above. In Figure 4 entities with the same reference number as
shown in the preceding figures refer to corresponding entities.
[0105] In this alternative embodiment, the cyclonic separator 40 comprises a second inlet 144 arranged to introduce
a flow of additive component SV into the cyclonic separator 40. The second inlet 144 is located in the peripheral wall of
the central body 1. In an embodiment, the second inlet 144 is located in the peripheral wall of the central body 1
downstream of the swirl imparting vanes of the cyclonic separator 40.
[0106] The cyclonic separator 40 may be operated in either injection or ejection mode.
[0107] Figure 5 depicts a longitudinal sectional view of an embodiment of the cyclonic separator 40 in the second part
of the refining system 100 as described above. In Figure 5 entities with the same reference number as shown in the
preceding figures refer to corresponding entities.
[0108] According to this embodiment, the central body 1 does not comprise an elongated tail section 48 as in Fig. 3.
Instead, the central body 1 comprises an outlet 47. The outlet 47 is positioned on the downstream side of the central
body 1, directed towards the throat portion 4. The position and direction of the outlet 47 substantially coincide with the
central axis I. The outlet 47 is connected on a distal side to a solvent recovery unit 54 for receiving a stream of an additive
component SV to add to the first processed feed gas stream PG1. The inlet (nozzle) 47 is arranged to produce a spray
of the additive component SV of which the spray particles are introduced into the first processed feed gas stream. The
outlet 47 may also be referred to as a central outlet 47.
[0109] In a preferred embodiment, the cyclonic separator 40 is arranged in ejection mode to feed the flow of additive
component SV into the first processed feed gas stream PG1 at a pressure PS which is lower than the inlet pressure PI
at the first inlet 42 of the first processed feed gas stream but is higher than the local static pressure PE at the locus of
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entry 47 in the first processed feed gas stream PG1.
[0110] It is considered that due to the supersonic speed of the mixture of spray and gas stream, the time of residence
in the cyclonic separator is relatively short. Therefore, the additive component should be selected to have a relatively
high selectivity with the H2S component to allow for sufficient mass transfer rate via adsorption or absorption to take
place during the time of residence window.
[0111] The additive component SV may comprise at least one constituent that absorbs H2S by a van der Waals
interaction. Such an interaction may involve a condensation of H2S on the surface of the spray particles. In a non-limiting
manner, additive constituents of the van der Waals interaction type comprise sulfolane(s) and ionic liquids.
[0112] Further, to improve the mass transfer rate of H2S to the surface of the additive component SV and H2S containing
components in the mixed gas stream, a relatively large contact surface should be established by a sufficiently high
density of spray particles. The contact surface is related to a particle density of the spray particles and to a size of the
spray particles.
[0113] In an embodiment, the nozzle of the second inlet may be arranged to create a particle density of at least about
108/m3.
[0114] In a further embodiment, the nozzle of the second inlet 44 is arranged to create spray particles with a size
between about 50 mm and about 0.2 mm. In an alternative embodiment, the nozzle of the second inlet 44 is arranged
to create spray particles with a size between about 20 mm and about I mm.
[0115] Downstream of the tubular throat portion 4 the H2S ’wet’ fluid components tend to concentrate adjacent to the
inner surface of the diverging fluid separation chamber 5 and the ’dry’ gaseous fluid components are concentrated at
or near the central axis I, whereupon the liquid enriched ’wet’ fluid components are discharged into an outer secondary
fluid outlet 6 via a series of slots whereas the ’dry’ gaseous components are discharged into the central primary fluid
outlet conduit 7.
[0116] In the diverging primary fluid outlet conduit 7 the fluid stream is further decelerated so that the remaining kinetic
energy is transformed into potential energy.
[0117] The diverging primary outlet conduit may be equipped with an assembly of flow straightening vanes 9 to recover
the circulation energy.
[0118] The descriptions above are intended to be illustrative, not limiting. Thus, it will be apparent to one skilled in the
art that modifications may be made to the invention as described without departing from the scope of the claims set out
below.

Claims

1. Method for refining a feed gas comprising hydrocarbons and hydrogen sulfide having a first concentration of hydrogen
sulfide, comprising:

producing a stream of a first processed feed gas, and
producing a second stream of a second processed feed gas from the stream of the first processed feed gas,
using a separation process for H2S removal by a cyclonic separator, wherein the cyclonic separator comprises
a first inlet, a second inlet and is arranged for

-- receiving at the first inlet the stream of first processed feed gas,
-- receiving at a distal end of the second inlet a flow of additive component,
-- spraying from the second inlet the flow of additive component into the first processed feed gas stream
so as to form a mixture of sprayed additive and first processed feed gas,
and
-- creating at a first outlet a first flow of the second processed feed gas and at a second outlet a second
flow of substantially hydrogen sulfide containing liquid, the second processed feed gas having a second
concentration of hydrogen sulfide, the second concentration being relatively lower than the concentration
of hydrogen sulfide of the first processed feed gas, received at the first inlet,

characterized in that
the additive component is a solvent for hydrogen sulfide; the additive component being a non-aqueous fluid
which comprises as constituent one or more of the following chemical groups, i.e., an alcohol an ionic liquid,
and a dipolar aprotic solvent (e.g. Sulpholane).

2. Method according to claim 1, wherein the additive component comprises as a further constituent of the following
chemical groups: a diol, (e.g. ethylene glycol, dimethyl ether of polyethylene glycol)..
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3. Method according to claim 1, wherein the production of the stream of the first processed feed gas comprises removing
hydrogen sulfide from the feed gas by a H2S bulk removal stage.

4. Method according to claim 1, wherein the cyclonic separator comprises in a housing a swirl inlet device comprising
a pear-shaped central body which is arranged inside the housing coaxial to a central axis of the separator; a space
region being arranged in between the central body and the housing for an annular flow path, and wherein the second
inlet is located at the periphery of the central body, so as to introduce the additive component into the annular flow path.

5. Method according to claim 4, comprising generating the spray of additive component in the annular flow path by the
second inlet being arranged with at least one nozzle.

6. Method according to claim 5 , wherein the at least one nozzle of the second inlet is located in a wall of the housing
at the periphery of central body, for introduction of the additive component into the gas stream in a space region
between the outer wall of the housing and the central body.

7. Method according to claim 5, wherein the at least one nozzle of the second inlet is located in a peripheral wall of
the central body, for introduction of the additive component into the gas stream in a space region between the outer
wall of the housing and the central body.

8. Method according to claim 5, wherein the cyclonic separator further comprises a tubular throat portion downstream
of the central body, and the at least one nozzle of the second inlet is located on the downstream side of the central
body, directed towards the tubular throat portion, in which position and direction of the second inlet substantially
coincide with the central axis.

9. Method according to claim 1, wherein the additive component comprises as constituent at least one of a sulfolane
and an ionic liquid.

10. Method according to claim 1, wherein the ionic liquid comprises at least one of a 1-butyl-3-methylimidazolium
hexafluorophosphate and a 1-hexyl-3-methylimidazolium-bis(trifluoromethylsulfonyl)imide.

11. Method according to claim 1, comprising the :

- receiving by a liquid separator comprising a flow inlet, a first, second and third liquid outlet, at the flow inlet
the second flow of a substantially hydrogen sulfide containing fluid;
- separating the second flow of the substantially hydrogen sulfide containing fluid in a first, second and third
component, the first component being second processed feed gas, the second component being a first liquid
hydrogen sulfide and the third component being a mixture of liquid hydrogen sulfide mixed and additive com-
ponent;
- outputting at the first outlet the second processed feed gas to an outlet part;
- outputting at the second outlet the first liquid hydrogen sulfide components to a drain part, and
- outputting at the third outlet the mixture of liquid hydrogen sulfide and additive component.

12. Method according to claim 1, further comprising receiving by a further liquid separator the mixture of liquid hydrogen
sulfide and additive component from the second liquid separator and
separating by the further liquid separator the additive component from the liquid hydrogen sulfide, the further liquid
separator comprising an inlet for receiving the mixture of liquid hydrogen sulfide and additive component, a first
outlet for outputting a flow of gaseous hydrogen sulfide components and a second outlet for outputting of additive
component, the second outlet being connected to the second inlet of the cyclonic separator.

13. Method according to claim 1, further comprising:

in an oxidation unit, the oxidation unit having an inlet being connected to the first outlet of the further liquid
separator and having an outlet being connected to the drain part: receiving the flow of gaseous hydrogen sulfide
components, oxidizing the gaseous hydrogen sulfide components into a mixture comprising sulfur and water
and outputting the mixture comprising sulfur and water at the outlet.

14. Method according to claim 3, comprising in the H2S bulk removal stage:
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receiving a stream of the feed gas and removing in a first separation process hydrogen sulfide from the feed
gas for producing the stream of the first processed feed gas, and wherein the H2S bulk removal stage comprises
a bulk removal stage cyclonic separator and a fractionation column; an outlet of the bulk removal stage cyclonic
separator being connected to an intermediate inlet of the fractionation column, and
wherein the removal of H2S is carried out by a first sub-stage to separate first H2S containing condensables
from a first stream portion of the feed gas by the bulk removal stage cyclonic separator and a second sub-stage
of using the first H2S containing condensables as a water absorbing fluid of a second stream portion of the feed
gas in the fractionation column, for producing the first processed feed gas.

15. Method according to claim 1, further comprising feeding the second processed gas stream to a final treatment stage
comprising an adsorption tower using as an absorption fluid a non-aqueous solvent containing at least one of a 1-
butyl-3-methylimidazolium hexafluorophosphate and a 1-hexyl-3-methylimidazolium-bis(trifluoromethylsulfonyl)im-
ide.

Patentansprüche

1. Verfahren zur Raffinierung eines Einsatzgases umfassend Kohlenwasserstoffe und Wasserstoffsulfid mit einer er-
sten Wasserstoffsulfidkonzentration, umfassend:

Erzeugen eines Stromes eines ersten verarbeiteten Einsatzgases und
Erzeugen eines zweiten Stromes eines zweiten verarbeiteten Einsatzgases aus dem Strom des ersten verar-
beiteten Einsatzgases, unter Verwendung eines Trennungsverfahrens zu H2S Entfernung durch einen Zyklo-
nenseparator, wobei der Zyklonenseparator einen ersten Einlas und einen zweiten Einlass umfasst und aus-
gebildet ist zum

- Erhalten des Stromes des ersten verarbeiteten Einsatzgases an dem ersten Einlass,
- Erhalten eines Fluss von zusätzlichen Komponenten an dem distalen Ende des zweiten Einlasses,
- Sprühen des Flusses der zusätzlichen Komponente von dem zweiten Einlass in den ersten verarbeiteten
Einsatzgasstrom, um so eine Mischung aus gesprühtem Zusatzstoff und erstem verarbeitenem Einsatzgas
zu bilden,
und
- Erzeugen an einem ersten Auslass eines erstes Flusses des zweiten verarbeiteten Einsatzgases und an
einem zweiten Auslass eines zweiten Flusses von im Wesentlichen wasserstoffsulfidhaltiger Flüssigkeit,
wobei das zweite verarbeitete Einsatzgas eine zweite Konzentration des Wasserstoffsulfids aufweist, die
zweite Konzentration relativ niedriger ist als die Konzentration des Wasserstoffsulfid in dem ersten verar-
beiteten Einsatzgas, welches an dem ersten Einlass erhalten wird,

dadurch gekennzeichnet, dass
die zusätzliche Komponente ein Lösungsmittel für Wasserstoffsulfid ist; die zusätzliche Komponente eine nicht
wässriges Fluid ist, umfassend als einen Bestandteil eine oder mehrere der folgenden chemischen Gruppen,
d.h. ein Alkohol, eine ionische Flüssigkeit und ein dipolares apriotisches Lösungsmittel (z. B. Sulfolan).

2. Verfahren nach Anspruch 1, wobei die zusätzliche Komponente einen weiteren Bestandteil aus der folgenden
chemischen Gruppe umfasst: ein Diol, (z. B. Ethylenglycol, Dimethylether von Polyethylenglycol).

3. Verfahren nach Anspruch 1, wobei die Herstellung des Stromes des ersten verarbeiteten Einsatzgases das Entfernen
von Wasserstoffsulfid aus dem Einsatzgas durch eine H2S Entfernungsstufe (bulk removal stage) umfasst.

4. Verfahren nach Anspruch 1, wobei der Zyklonenseparator in einem Gehäuse eine Dralleinlasseinrichtung umfassend
einen birnenförmigen Zentralkörper, welcher im Inneren des Gehäuses koaxial zu einer zentralen Achse des Se-
parators angeordnet ist; einen Raumbereich, welcher zwischen dem zentralen Körper und dem Gehäuse zu einen
kreisförmigen Flussweg angeordnet ist, und wobei der zweite Einlass an der Peripherie des Zentralkörpers ange-
ordnet ist, um so die zusätzliche Komponente in den kreisförmigen Flussweg einzuführen.

5. Verfahren nach Anspruch 4, umfassend das Erzeugen des Sprühregens der zusätzlichen Komponente in dem
kreisförmigen Flussweg durch den zweiten Einlass, welcher mit wenigstens einer Düse ausgestattet ist.
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6. Verfahren nach Anspruch 5, wobei die wenigstens eine Düse des zweiten Einlasses in einer Wand des Gehäuses
an der Peripherie des Zentralkörpers angeordnet ist, um die zusätzliche Komponente in den Gasstrom in einem
Raumbereich zwischen der Außenwand des Gehäuses und dem Zentralkörper einzuführen.

7. Verfahren nach Anspruch 5, wobei die wenigstens eine Düse des zweiten Einlasses in einer peripheren Wand des
Zentralkörpers angeordnet ist, um die zusätzliche Komponente in den Gasstrom in einen Raumbereich zwischen
der Außenwand des Gehäuses und dem Zentralkörper einzuführen.

8. Verfahren nach Anspruch 5, wobei der Zyklonenseparator des Weiteren einen kreisförmigen Halsbereich stromab-
wärts des Zentralkörpers umfasst und die wenigstens eine Düse des zweiten Einlasses ist an der stromabwärts
gelegenen Seite des Zentralkörpers angeordnet, in Richtung des rohrförmigen Halsbereiches, wobei die Position
und Ausrichtung des zweiten Einlasses im Wesentlichen mit der Zentralachse übereinstimmt.

9. Verfahren nach Anspruch 1, wobei der zusätzliche Komponent als Bestandteil wenigstens eines aus einem Sulfolan
und einer ionischen Flüssigkeit umfasst.

10. Verfahren nach Anspruch 1, wobei die ionische Flüssigkeit eines aus einem 1-Butyl-3-methylimidazoliumhexafluor-
phosphat und einem 1-Hexyl-3-methylimidazolinium-bis(trifluormethylsuflonyl)imid umfasst.

11. Verfahren nach Anspruch 1, umfassend:

Erhalten durch einen Flüssigkeitsseparator, umfassend einen Flusseinlass, einen ersten, zweiten und dritten
Flüssigkeitsauslass, an dem Flusseinlass den zweiten Fluss eines im Wesentlichen wasserstoffsulfidhaltigen
Fluids;
Trennen des zweiten Flusses des im Wesentlichen wasserstoffsulfidhaltigen Fluids in eine erste, zweite und
dritte Komponente, wobei die erste Komponente das zweite verarbeitete Einsatzgas ist, die zweite Komponente
ein erstes flüssiges Wasserstoffsulfid ist und die dritte Komponente eine Mischung aus flüssigem Wasserstoff-
sulfid gemischt mit einem Zusatzkomponenten ist.

- Ausgeben des zweiten verarbeiteten Einsatzgas an dem ersten Auslass zu einem Auslassteil;
- Ausgeben der ersten flüssigen Wasserstoffsulfidkomponenten an dem zweiten Auslass zu einem Ablauf-
teil, und
- Ausgeben der Mischung aus flüssigem Hydrogensulfid und Zusatzkomponente an dem dritten Auslass.

12. Verfahren nach Anspruch 1, des Weiteren umfassend das Erhalten der Mischung aus flüssigem Wasserstoffsulfid
und zusätzlicher Komponente aus dem zweiten Flüssigkeitsseparator durch einem weiteren Flüssigkeitsseparator,
und
Trennen der zusätzlichen Komponente von dem flüssigen Wasserstoffsulfid durch den weiteren Flüssigkeitssepa-
rator, wobei der weitere Flüssigkeitsseparator einen Einlass umfasst, um die Mischung des flüssigen Wasserstoff-
sulfids und der zusätzlichen Komponente zu erhalten, einen ersten Auslass zum Ausgeben eines Flusses von
gasförmigen Wasserstoffsulfidkomponenten und einen zweiten Auslass zum Ausgeben der zusätzlichen Kompo-
nente, wobei der zweite Auslass mit dem zweiten Einlass eines Zyklonseparators verbunden ist.

13. Verfahren nach Anspruch 1, des Weiteren umfassend:

in einer Oxidationseinheit, die Oxidationseinheit mit einem Einlass, welcher mit dem ersten Auslass des weiteren
Flüssigkeitsseparators verbunden ist und einen Auslass aufweist, welcher mit dem Auslaufteil verbunden ist:
Erhalten des Flusses der gasförmigen Wasserstoffsulfidbestandteile, Oxidieren der gasförmigen Wasserstoff-
sulfidkomponenten zu einer Mischung umfassend Schwefel und Wasser und Ausgeben der Mischung umfas-
send Schwefel und Wasser an dem Auslass.

14. Verfahren nach Anspruch 3, umfassend in der H2S Entfernungsstufe:

Erhalten eines Stromes des Einsatzgases und Entfernen von Wasserstoffsulfid aus dem Einsatzgas in einem
ersten Trennungsverfahren, um den Strom des ersten verarbeiteten Einsatzgases herzustellen, und wobei die
H2S Entfernungsstufe einen Entfernungsstufenzyklonenseparator umfasst und eine Fraktionierungssäule, wo-
bei einen Auslass des Entfernungssstufenzyklonenseparators mit einem Zwischeneinlass der Fraktioniersäule
verbunden ist, und
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wobei die Entfernung von H2S durch eine erste Unterstufe durchgeführt wird, um erste H2S-haltige Kondensate
von einem ersten Stromanteil des Einsatzgases durch den Entfernungsstufenzyklonenseparators zu trennen,
und durch eine zweite Unterstufe der Verwendung der ersten H2S-haltigen Kondensate als ein wasserabsor-
bierendes Fluid eines zweiten Stromteils des Einsatzgases in der Fraktioniersäule, zur Herstellung des ersten
verarbeiteten Einsatzgases.

15. Verfahren nach Anspruch 1, des Weiteren umfassend das Zuführen des zweiten verarbeiteten Gasstromes zu einer
letzten Behandlungsstufe umfassend einen Adsorptionsturm, unter Verwendung als ein Absorptionsfluid eines nicht
wässrigen Lösungsmittels enthaltend wenigstens eines aus 1-Butyl-3-metylimidazoliumhexafluorphosphat und ei-
nem 1-Hexyl-3-methylimidazolinium-bis(trifluormethylsuflonyl)imid.

Revendications

1. Procédé de raffinage d’un gaz d’alimentation comprenant des hydrocarbures et du sulfure d’hydrogène ayant une
première concentration de sulfure d’hydrogène, comprenant :

la production d’un flux d’un premier gaz d’alimentation traité, et
la production d’un deuxième flux d’un deuxième gaz d’alimentation traité à partir du flux du premier gaz d’ali-
mentation traité, en utilisant un procédé de séparation pour l’élimination de l’H2S par un séparateur cyclonique,
le séparateur cyclonique comprenant un premier orifice d’entrée, un deuxième orifice d’entrée et étant agencé
pour

-- recevoir au niveau du premier orifice d’entrée le flux du premier gaz d’alimentation traité,
-- recevoir au niveau d’une extrémité distale du deuxième orifice d’entrée un flux de composant additif,
-- pulvériser à partir du deuxième orifice d’entrée le flux de composant additif dans le flux du premier gaz
d’alimentation traité de manière à former un mélange d’additif pulvérisé et du premier gaz d’alimentation
traité,
et
-- créer au niveau d’un premier orifice de sortie un premier flux du deuxième gaz d’alimentation traité et au
niveau d’un deuxième orifice de sortie un deuxième flux de liquide contenant une quantité substantielle de
sulfure d’hydrogène, le deuxième gaz d’alimentation traité ayant une deuxième concentration de sulfure
d’hydrogène, la deuxième concentration étant relativement inférieure à la concentration de sulfure d’hy-
drogène du premier gaz d’alimentation traité, reçu au niveau du premier orifice d’entrée,

caractérisé en ce que
le composant additif est un solvant pour le sulfure d’hydrogène ; le composant additif étant un fluide non aqueux
qui comprend en tant que constituant un ou plusieurs des groupes chimiques suivants, à savoir un alcool, un
liquide ionique et un solvant aprotique dipolaire (par exemple sulfolane).

2. Procédé selon la revendication 1, dans lequel le composant additif comprend en tant que constituant supplémentaire
des groupes chimiques suivants : un diol, (par exemple éthylène glycol, éther diméthylique de polyéthylène glycol).

3. Procédé selon la revendication 1, dans lequel la production du flux du premier gaz d’alimentation traité comprend
l’élimination du sulfure d’hydrogène du gaz d’alimentation par une étape d’élimination en masse de l’H2S.

4. Procédé selon la revendication 1, dans lequel le séparateur cyclonique comprend dans un logement un dispositif
créant une turbulence à l’entrée comprenant un corps central en forme de poire qui est disposé à l’intérieur du
logement coaxial à un axe central du séparateur ; une région de l’espace étant disposée entre le corps central et
le logement pour créer une voie d’écoulement annulaire, et dans lequel le deuxième orifice d’entrée est situé à la
périphérie du corps central, de manière à introduire le composant additif dans la voie d’écoulement annulaire.

5. Procédé selon la revendication 4, comprenant la production du nuage de composant additif dans la voie d’écoulement
annulaire en dotant le deuxième orifice d’entrée d’au moins une buse.

6. Procédé selon la revendication 5, dans lequel l’au moins une buse du deuxième orifice d’entrée est situé dans une
paroi du logement à la périphérie du corps central, en vue de l’introduction du composant additif dans le flux gazeux
dans une région de l’espace située entre la paroi externe du logement et le corps central.
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7. Procédé selon la revendication 5, dans lequel l’au moins une buse du deuxième orifice d’entrée est situé dans une
paroi périphérique du corps central, en vue de l’introduction du composant additif dans le flux gazeux dans une
région de l’espace située entre la paroi externe du logement et le corps central.

8. Procédé selon la revendication 5, dans lequel le séparateur cyclonique comprend en outre une partie formant une
gorge tubulaire en aval du corps central, et l’au moins une buse du deuxième orifice d’entrée est situé côté aval du
corps central, orienté vers la partie formant une gorge tubulaire, la position et la direction du deuxième orifice d’entrée
coïncidant substantiellement avec l’axe central.

9. Procédé selon la revendication 1, dans lequel le composant additif comprend en tant que constituant au moins l’un
d’un sulfolane et d’un liquide ionique.

10. Procédé selon la revendication 1, dans lequel le liquide ionique comprend au moins l’un d’un hexafluorophosphate
de 1-butyl-3-méthylimidazolium et d’un 1-hexyl-3-méthylimidazolium-bis(trifluorométhylsulfonyl)imide.

11. Procédé selon la revendication 1, comprenant :

- la réception par un séparateur de liquide comprenant un orifice d’entrée de flux, un premier, un deuxième et
un troisième orifice de sortie de liquide, au niveau de l’orifice d’entrée du flux, du deuxième flux d’un fluide
contenant une quantité substantielle de sulfure d’hydrogène ;
- la séparation du deuxième flux du fluide contenant une quantité substantielle de sulfure d’hydrogène en un
premier, un deuxième et un troisième composant, le premier composant étant le deuxième gaz d’alimentation
traité, le deuxième composant étant un premier sulfure d’hydrogène liquide et le troisième composant étant un
mélange de sulfure d’hydrogène liquide mélangé et de composant additif ;
- la libération au niveau du premier orifice de sortie du deuxième gaz d’alimentation traité dans une zone de sortie ;
- la libération au niveau du deuxième orifice de sortie des premiers composants de sulfure d’hydrogène liquide
dans une partie de drainage, et
- la libération au niveau du troisième orifice de sortie du mélange de sulfure d’hydrogène liquide et de composant
additif.

12. Procédé selon la revendication 1, comprenant en outre la réception par un séparateur de liquide supplémentaire
du mélange de sulfure d’hydrogène liquide et de composant additif en provenance du deuxième séparateur de
liquide et
la séparation par le séparateur de liquide supplémentaire du composant additif provenant du sulfure d’hydrogène
liquide, le séparateur de liquide supplémentaire comprenant un orifice d’entrée destiné à recevoir le mélange de
sulfure d’hydrogène liquide et du composant additif, un premier orifice de sortie destiné à libérer un flux de composants
de sulfure d’hydrogène gazeux et un deuxième orifice de sortie destiné à libérer le composant additif, le deuxième
orifice de sortie étant raccordé au deuxième orifice d’entrée du séparateur cyclonique.

13. Procédé selon la revendication 1, comprenant en outre :

dans une unité d’oxydation, l’unité d’oxydation comportant un orifice d’entrée étant raccordé au premier orifice
de sortie du séparateur de liquide supplémentaire et comportant un orifice de sortie étant raccordé à la partie
de drainage : la réception du flux de composants de sulfure d’hydrogène gazeux, l’oxydation des composants
de sulfure d’hydrogène gazeux dans un mélange comprenant du soufre et de l’eau et la libération du mélange
comprenant du soufre et de l’eau au niveau de l’orifice de sortie.

14. Procédé selon la revendication 3, comprenant dans l’étape d’élimination en masse de l’H2S : la réception d’un flux
du gaz d’alimentation et l’élimination dans un premier procédé de séparation du sulfure d’hydrogène provenant du
gaz d’alimentation pour produire le flux du premier gaz d’alimentation traité, et dans lequel l’étape d’élimination en
masse de l’H2S comprend un séparateur cyclonique pour l’étape d’élimination en masse et une colonne de
fractionnement ; un orifice de sortie du séparateur cyclonique de l’étape d’élimination en masse étant raccordé à
un orifice d’entrée intermédiaire de la colonne de fractionnement, et
dans lequel l’élimination de l’H2S est réalisée par une première sous-étape consistant à séparer les premières
matières condensables contenant de l’H2S d’une première partie du flux du gaz d’alimentation par le séparateur
cyclonique de l’étape d’élimination en masse et une deuxième sous-étape consistant à utiliser les premières matières
condensables contenant de l’H2S en tant que fluide absorbant l’eau d’une deuxième partie du flux du gaz d’alimen-
tation dans la colonne de fractionnement, pour produire le premier gaz d’alimentation traité.
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15. Procédé selon la revendication 1, comprenant en outre l’introduction du deuxième flux gazeux traité dans une étape
finale de traitement comprenant une tour d’adsorption en utilisant en tant que fluide d’absorption un solvant non
aqueux contenant au moins l’un d’un hexafluorophosphate de 1-butyl-3-méthylimidazolium et d’un 1-hexyl-3-mé-
thylimidazolium-bis(trifluorométhylsulfonyl)imide.
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